Abstract-Sports training is very important to athletes in improving and maintaining their performances. It commonly involves high intensity exercise and requires longer time for fatigue to recover, compares to normal activity. During training, adequate rest is essential to allow recuperation and build body strength. Unfortunately, inadequate rest exposes the body to prolonged fatigue (PF). Hence, this condition needs to be managed accordingly to avoid chronic fatigue syndrome. Recent findings indicate that there are strong characteristics on surface EMG under PF conditions. Currently, the assessment is limited to glycogen breakdown, the existence of lactate and soreness. In this study, twenty participants were recruited to perform five days intensive training (IT) to induce more PF signs. The IT conducted was based on Bruce Protocol treadmill test. It was discovered that the IT successfully induces soreness, unexplained lethargy and performance decrement. Surface EMG were collected from rectus femoris muscle during daily pre and post treadmill tests. Four features were extracted from the surface EMG; mean frequency (F mean ), median frequency (F med ), root mean square (RMS) and mean absolute value (MAV). The results indicated that all features during post exercise had greater value under PF condition and it was significant at P<0.05. The features then were classified in accordance to Bayes. The results also showed that F med and MAV features offered good performance with 83.1% accuracy, 84.6% specificity and 80% of precision.
I. INTRODUCTION
In sports field, professional players and athletes are required to undergo daily routine training. This causes fatigue to the players. In normal fatigue (NF), this condition usually disappears by itself after a while. However, high intensity of training regime requires longer time for recovery. Fatigue due to prolonged strenuous exercise and inadequate recovery period exposes athletes to prolonged fatigue (PF) [1, 2] . PF usually occurs due to the imbalanced process between load and recuperation. Basically, the body needs recovery time, allowing biochemical reactions during activity, to return to normal level and build more strength [3] . There are different degrees of PF, but the mildest signs developed are soreness, unexplained lethargy, performance decrement, restlessness, hypertension and sleeping and psychological disturbance [4, 5] . If PF is not managed accordingly, the body stimulates more biochemical reactions. Consequently, more PF signs develop, and lead to higher degree of fatigue condition, *Research supported by Geran Putra IPS, Universiti Putra Malaysia. 1 Fauzani.N Jamaluddin is post graduate student at Universiti Putra Malaysia. Email: fauzanijamaluddin@gmail.com 2 known as chronic fatigue syndrome. It dangerously affects the body system and possibly ends the athletes' career [3] .
There are no specific tools used for PF identification. Currently, several approaches are being used as fatigue diagnostic tools such as heart rate, blood test, muscle biopsies, endurance time and distress questionnaire [6, 7] . In a similar vein, there is a significant growth in research pertaining to fatigue investigation through surface electromyography (EMG). In surface EMG, stages of fatigue begin with the increment of amplitude, followed by the unchanged and decrement of amplitude as well as the decrement of its frequency [8] . However, later findings prove that there are more factors affecting amplitude and frequency behaviour, especially under PF condition. At the moment, the investigations were carried out on glycogen reduction, the existence of lactate and soreness [9] - [12] . Further investigations on surface EMG features under other PF signs, especially on the inceptions of PF are highly desired for classification process. At present, the classification is successfully performed in distinguishing between non-fatigue and NF [13] . The classification to distinguish NF and PF has many advantages, particularly in sports.
This paper investigates the effects of other PF signs such as lethargy and performance decrement during five days of Bruce Protocol treadmill test. Signs of fatigue were observed non-invasively. Statistical test was conducted to identify the significant of surface EMG features under PF condition. The features were based on the amplitude and frequency information of the signals. Then, they were further classified in accordance to Bayes decision theory. The performance of selected features was evaluated based on their accuracy, precision and specificity.
II. METHODOLOGY

A. Experimental Design
The experiment was conducted on twenty healthy participants (Age ± standard deviation (SD): 24.2±3.74 year's old, body mass index: 22.7±2 kg/m 2 ). Physical Activeness questionnaire (Par-Q and You) was employed as a screening tool [14] . It was used to detect cardiovascular, pulmonary disease and orthopedic problems. The participants who had chronic disease, high blood pressure and diabetes were excluded from the study. In addition, the approval to conduct the experiment procedure was obtained from Ethical Committee, Universiti Putra Malaysia.
The duration of the experiment was twelve days as depicted in Table 1 . Whilst, in Phase I, the participants familiarized themselves with the equipment and procedures; in Phase II, the participants underwent intensive training (IT) to induce PF. The PF conditions experienced by the
Features Selection for Bayes Classification of Prolonged Fatigue on Rectus Femoris Muscle
Fauzani.N Jamaluddin, Siti A.Ahmad, Samsul Bahari Mohd Noor, Wan Zuha Wan Hassan, Azhar.Y participants were verified by sports officer and they were diagnosed through daily log records, 24-hours training distress questionnaire and short interview [4] . Phase I was completed in alternate days to avoid the emergence of PF, and Phase II was carried out in five consecutive days. Between Phase I and Phase II, the participants were requested to rest and refrain themselves from performing any form of exercise or heavy physical activity. The participants were required to take their meals two hours before the assessment in order to avoid dehydration and lack of energy. IT was conducted based on Bruce Protocol treadmill test. In the protocol, the inclination and speed of the treadmill were increased for every three minutes. The total duration of the protocol was 21 minutes. The participants were required to improve their performance on a daily basis. As individual fatigue response is highly variable; no specific distance and time duration are fixed [15] .
There were two fatigue categories which allowed the participants to stop running or to be terminated from the study. In the first fatigue category, the participants were not allowed to run and were immediately terminated from the experiment if their heart rate achieved (HR)>100 beat per minute, blood pressure was at (BP) >140/90 before running activity, their performance decreased in previous experiment or their psychology score was >14 in 24 hours training distress questionnaire for at least three days. Forcing the participants to run under any of these conditions was dangerous because they were under restlessness condition [16] . Hence, these signs were frequently checked before the participants were allowed to run. In the second fatigue category, the participants could stop running whenever they experienced lack of energy, dizziness and blur vision. Typically, dizziness and blurred vision during exercises cause the participants to collapse, while lack of energy is an indication of fatigue [17] .
B. Data Collection
During the experiment, several parameters were observed including maximal heart rate (HR max ) to indicate training intensity, physiological fatigue signs to show PF and surface EMG signals. HR max was calculated using the following equation:
%HR max = maximum heart rate*100 / (220-age) (1) The participants, who were diagnosed under PF condition, proved to show the following signs: soreness, unexplained lethargy, performance decrement, restlessness and hypertension, and sleeping and psychological disturbance. The diagnostic tools and signs observed were displayed as in Table II. Surface EMG signals were collected using surface EMG acquisition system [18] . The full system offered signals to noise ratio (SNR) up to 25db, an amplifier at 248 and an integrator to remove dc offset. EMG signals then were acquired using NI-DAQ 6008 with sampling rate 1000Hz. Surface EMG signals were collected at rectus femoris (RF). This muscle was chosen due to its high rate of injury in sports and muscle activation during running [19] . Ag/Ag Cl electrodes from Kendal Meditrace 200 were used to acquire the signals. The electrodes placement was made based on SENIAM standard. During EMG measurement, the participants were asked to repeat flexed and extended knee movements as in Figure 1 to activate RF muscle. RF usually contracts when the knee is extended, and rests when the knee is flexed. As in the experiment, the participants were asked to repeat the movement three times at interval of 10 seconds (for each movement). Then, surface EMG data were collected at pre and post of daily running activity. 
A. Physiological Fatigue
The intensity of exercise was the outcome of running effort performed by the participants. It was determined by the percentage of HR max during running. 80-90% of HR max range between 2 to 10 minutes indicates the maximum performance capacity and muscular fatigue result [20] . Results from training log, 24 hours training distress questionnaire and interview records were evaluated to determine NF and PF conditions in Phase I and Phase II of the experiment.
B. Surface EMG
Surface EMG signals were pre-processed using stationary wavelet transform. The signals were decomposed into 6 level of decomposition, using 'db45'. Threshold value during de-noising process was estimated to remove 20Hz corner frequency and baseline noises. Figure 2 shows surface EMG signals before and after de-noising processes. It demonstrated that de-noising process was successful in 
1) Features Extraction
The surface EMG was segmented to obtain 5000 samples for each contraction. Next, statistical analysis to attain median frequency (F med ), mean frequency (F mean ), mean absolute value (MAV) and root mean square (RMS) was carried out. Fatigue based on surface EMG was identified by the changes in its features. These changes were determined by subtracting feature of post exercise with pre exercise as shown in equation (2);
The feature then was divided into two groups: NF and PF, which are based on physiological condition. Features collected during the existence of PF signs were grouped as PF, while the rest were grouped as NF. A t-test was performed to determine the significant differences in extracted features between the groups. A significance level of P<0.05 was used.
2) Classification
Classification was made based on statistical Bayes decision theory. The decision boundary was estimated according to the data distribution of the selected features. Several combination of features selection including frequency features (F mean , F med ), time features (MAV,RMS) and time and frequency features (F mean ,MAV; F mean -RMS; F med ,MAV and F med ,RMS) were employed in the classification. The classification performance was evaluated based on its accuracy (number (n) samples correctly classified/total samples), sensitivity (n of samples correctly diagnosed as PF/total samples diagnosed as PF) and precision (n samples correctly diagnosed as PF/total samples).
IV. RESULTS AND DISCUSSION
A. Physiological Fatigue
In Phase I, none of the participants experienced PF as recorded in the log. Meanwhile, eight participants out of twenty were diagnosed to have experienced PF by the sports officer in Phase II. Table III shows the daily results of physiological fatigue experienced by the participants during IT. Daily average value of HR max indicates that the participants were running at their maximal efforts. The average of percentage endurance time in Table III also indicates that the participants attempted at improving their daily performances as required in the experimental design.
The diagnosis of PF was based on the records in Table IV . No participant was recorded to have experienced elevated resting heart rate, higher blood pressure, and psychological as well as sleeping disturbance. The results also indicate that muscle soreness, unexplained lethargy and performance decrement were the earliest signs appeared during PF. Due to ethical reasons and the potential risk endured by the participants, five days of IT was presumed to be adequate to induce early signs of PF. 
B. Surface EMG
The extracted features from surface EMG were divided to NF and PF based on physiological conditions in Table III and IV. The features under both conditions are shown in Figure 3 . It demonstrates that F mean and F med tended to shift towards greater value under PF condition compared to NF. These behaviors were significant at P<0.005. Furthermore, the shifts probably had caused by the changes in ionic concentration during the transition to new energy fuel from glycogen breakdown to the existence of lactate as demonstrated in [9, 12, 19] . It is believed that lactate production leads to fatigue and soreness as experienced by the participants [21] . Apart from that, Figure 3 demonstrates that MAV and RMS decreased under fatigue condition. It reveals that while the muscle experienced fatigue under maximal contraction; simultaneously, the participants were running on their maximal effort. Figure 3 also demonstrates that RMS and MAV tended to increase under PF and were significant at P<0.05. The increment of amplitude behavior result was found to be similar to previous works, which demonstrates that soreness and accumulation of lactate increase the amplitude of surface EMG [10] , [12] . Table V shows the Bayes decision theory classification performance based on selection of the features. It reveals that the combination of time and frequency features offered higher performance with the accuracy of 83.1% (ΔF med and ΔMAV) compared to frequency features (ΔF med and ΔF mean ) of 69.5%, and time features (ΔMAV and ΔRMS) of 69.5% in distinguishing NF and PF. Although, statistical analysis demonstrates that the changes in F med , F mean , MAV and RMS had shown significant result at P<0.05, the existence of PF signs due to physiological changes making separate evaluation based on frequency or time information only were less accurate. Furthermore, the existence of PF signs not only changes behavior of surface EMG frequency as commonly reported under NF condition, but it also changes the amplitude behavior of the signals. This shows that the combination evaluation of time and frequency information is significant in PF identification.
C. Classification
Table V also indicates that, time and frequency features combination of F med and MAV produces better performance in term of accuracy, specificity and precision compares to other time and frequency features selection. This ascertains that data distribution of these two features in this study is better compares to others because Bayes decision theory works based on the distribution. 
V. CONCLUSION
This study demonstrates that the earliest signs of PF developed were soreness, lethargy and performance decrement. The emergence of the signs can be traced based on surface EMG information. This study has proved that both amplitude and frequency of surface EMG are significant in PF identification and classification. These findings are important in sports field to prevent higher degree of PF. In future, other classification technique and features reduction can be employed to enhance the classification performance.
